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Evaluation of a Factor Exclusion Experiment
Designed to Assist in Elucidating
the Etiology of Citrus Blight

L. J. Marais, J. H. J. Breytenbach, and K. S. Derrick

ABSTRACT. In 1986, 42 Delta Valencia trees on rough lemon rootstocks were planted at ran-
dom in a 25-yr-old Valencia orchard affected by citrus blight. The trees were planted on sites from
which blight affected trees had been removed. Five chemicals were used to treat 24 of the experi-
mental trees. The chemicals used were Temik®, Rughby®, Benlate®, Ridomil® and Azodrin®. The
other treatments included trees planted in holes (3 m x 3 m x 1 m deep) filled with virgin soil;
trees planted in insect proof cages; and untreated controls. Based on zinc analyses, canopy rating
and water uptake, only two trees have been identified with apparent blight. Serological assays
conducted in 1997, 1998 and 2001 were, however, negative for all trees. There appears to be no
relationship between the type of treatment and incidence of blight. The low incidence of blight
may be as a result of the physiological changes brought about by severe pruning of the scions and
root systems following relocation, owing to a severe drought.
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In South Africa, a blight-like The experimental site selected
decline was first reported in 1979 for this experiment was a mature
(4). Citrus blight (CB) occurs in Valencia on rough lemon rootstock
more temperate areas of South orchard approximately 25 yr old and
Africa, but is a serious limiting fac- which had a high incidence (25%) of
tor in production in the hot, humid CB. Forty-two 30-mo old Delta
Letstitele area of Limpopo Province Valencia trees were planted ran-
in the northern part of the country, domly throughout the CB affected
which is the major Valencia produc- orchard during December 1986 on
tion area of the industry (8). In sites from which blighted trees had
South Africa, it has been deter- been removed. The trees were
mined that the rate of spread of CB treated as follows:
is linear (12). This is typical of many i) Temik® (aldicarb) (30g/m?) at 8
abiotic diseases but the demonstra- weekly intervals, alternated with
tion that the full complement of Rugby® (cadusafos) for nematode
characteristic symptoms can be control (Rugby® was alternated
reproduced by root-graft inocula- with Temik® to prolong the nemati-
tion, suggests that the disease is cidal effect of the latter, which is
caused by a systemic infectious prone to accelerated microbial deg-
agent (7). This has been demon- radation (10),
strated repeatedly in Brazil, Florida ii) Ridomil® (40g/m?) at 8 weekly
and South Africa (11, 13). Several intervals, for control of Phytoph-
researchers have suggested that CB thora root rot,
is spread by an aerial vector (1) or 1iii) Temik®/Rugby® plus
agents in the soil such as Fusarium Ridomil® (as above) at eight weekly
solani and nematodes (3). The object intervals.
of this experiment was to determine iv) Trees planted in insect proof
whether the incidence of CB in cages (4 m x 4 m x 4 m) and treated
orchards of high disease pressure, with Azodrin® and Temik® at eight
could be reduced by supplemental weekly intervals, for control of
applications of chemicals effective in aerial vectors. Azodrin® concentrate
controlling aerial vectors and soil- was applied as a trunk paint appli-
borne organisms, which are preva- cation as previously described by
lent in South African citrus soils. Buitendag (2).
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v) Soil drench with Benlate®
(benomyl) (1g/L) at 8 weekly inter-
vals, for control of Fusarium solani.

vi) Trees planted in holes (3 m x
3 m x 1 m deep) lined with two lay-
ers of 150 u black polythene sheet-
ing and filled with virgin soil, to
exclude soilborne organisms and
contact with remnants of CB
affected roots, left after removal of
CB affected trees.

The diagnosis of CB was based
on canopy symptoms rated on a
scale of 0-3; 0 = healthy; 1 = mild
symptoms, 2 = moderate, 3 = severe;
zinc concentration in the trunk
wood (15); water uptake by the
syringe injection method (9) and
serological assays (5, 6).

The entire experiment was relo-
cated to another CB affected
orchard during July 1993, 7 yr after
its initiation, owing to a severe
drought. The trees were “stag-
horned” and the root systems
pruned back severely. The trees
were replanted in holes 2m x 2m x
Im deep on sites from which CB
affected trees had been removed.
The insect proof cages were not
replaced, but the trees originally
planted within these cages were
treated with Temik and Azodrin at
six weekly intervals to reduce aphid
populations and simulate insect-
proof conditions as far as possible.

During the period 1987-1992 the
trees planted in virgin soil and those
in insect proof cages exhibited sub-
stantially better growth than trees
in the other treatments. The trees in
the cages exhibiting significantly
superior growth, probably owing to
the shading effect of the screen, and
shade cloth on the top of the cages.
During 1997 there was a shift in this
pattern, although not significantly
so, to the Temik plus Ridomil treat-
ment, taking second place to the
trees planted in virgin soil. The trees
from insect proof cages remained
significantly different from all the
other treatments. There was no sig-
nificant difference between the can-
opy volumes of the untreated controls

and all the other treatments, with
the exception of the trees in the
insect proof cages, throughout the
experiment.

Zinc analyses indicated that CB
was absent from the experimental
trees, the values were typical of
healthy trees in mature orchards.

There were no significant differ-
ences in water uptake between the
different treatments. None of the
trees measured in 1997 exhibited
restricted water uptake typical of
trees affected with CB.

The mean visual canopy ratings of
the trees in insect proof cages and vir-
gin soil, as assessed in 1992, differed
significantly from the other treat-
ments, there were however no signifi-
cant differences in the mean canopy
ratings in 2001. None of the trees
exhibited small fruit, delayed bloom
or blotchy mottle foliar symptoms,
typical of CB, the majority of the
symptoms were twig die-back, sparse
canopies and slight zinc deficiency
symptoms. No signs of sprout devel-
opment were observed on scaffold
branches or at the bud unions of
these trees. It is possible that the defi-
ciency symptoms found in individual
trees during 1992, were induced by
Citrus tristeza virus stem pitting in
the rootstocks of these trees (8).

Dot blot immunoassays con-
ducted in 1998, 1999 and 2001, were
all confirmed using Western Blots;
none of the experimental trees
assayed positive for the 12 kDa
blight-associated protein.

Based on the four diagnostic
markers used to diagnose for CB,
none of the trees in the above exper-
iment can be declared CB positive.
Taken at face value many of the
trees would be categorized as posi-
tive for CB for the sole reason that
they exhibit three out of four of the
diagnostic characteristics used for
positive diagnosis.

In conclusion it may be stated
that based on the above results none
of the treatments were responsible
for the low incidence of CB, but that
it is probable that the severe root



404

pruning and pruning of the scion
before transplanting the trees,
resulted in reduced vigor and fruit
production of the trees. According to
Tucker et al. (14), increased vigor
and induction of earlier fruit pro-
duction in young trees resulting
from excessive fertilization and irri-
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gation, may contribute to the earlier
expression of CB. The physiological
changes brought about within the
experimental trees by the “stag-
horning” and root pruning proce-
dure, resulting in light crops being
produced, may have affected the
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development of CB in these trees.

LITERATURE CITED

Adlerz, W. C., F. W. Bistline, L. W. Russo, and D. L. Hopkins
1989. Rate of spread of citrus blight reduced when leathoppers (Homoptera: Cicadel-
lidae) are controlled. J. Econ. Entomol. 82: 1733-1737.

Buitendag, C. H.
1988. Current trends in the control of greening disease in citrus orchards. Citrus Sub-
trop. Fruit J. 640: 6-7, 10.

Burnett, H. C., S. Nemec, and M. Patterson
1982. A review of Florida citrus blight and its association with soil edaphic factors,
nutrition and Fusarium solani. Trop. Pest Manag. 28: 416-422.

da Gracga, J. V. and S. P. van Vuuren
1979. A decline of citrus in South Africa resembling young tree decline. Plant Dis. Rept.
63:901-903.

Derrick, K. S., R. F. Lee, R. H. Brlansky, L. W. Timmer, B. G. Hewitt, and G. A. Barthe
1990. Proteins associated with citrus blight. Plant Dis. 74: 168-170.

Derrick, K. S., G. A. Barthe, B. G. Hewitt, and R. F. Lee
1993. Serological tests for citrus blight. In: Proc. 12th Conf. IOCV, 121-126. IOCYV, River-
side, CA.

Derrick, K. S. and L. W. Timmer
2000. Citrus blight and other diseases of recalcitrant etiology. Annu. Rev. Phytopathol.
38:1-25.

Lee, R. F., L. J. Marais, and R. H. Brlansky
1983. A survey of citrus blight in South Africa. In: Proc. 9th Conf. IOCV, 270-278. IOCV.
Riverside, CA.

Lee, R. F,, L. J. Marais, L. W. Timmer, and J. H. Graham
1984. Syringe injection of water into the trunk: A rapid diagnostic test for citrus blight.
Plant Dis. 68: 511-513

Le Roux, H. F., A. B. Ware, D. L. Suett, and F. C. Wehner
1996. Accelerated degradation of some soil applied nematicides in a South African citrus
orchard. Proc. Int. Soc. Citricult. 1: 593-596.

Marais, L. J. and R. F. Lee
1991. Experimental transmission of citrus blight in South Africa. In: Proc. 11th Conf.
I0CV, 261-264. IOCV, Riverside, CA.

Marais, L. J.
1992. Spatial and temporal analysis of citrus blight incidence in Valencia orange (Citrus
sinensis (L) Osbeck) in Letsitele, South Africa. Citrus J. 2(4): 33-36.

Marais, L. J. and J. H. J. Breytenbach
1997. Studies on a stem pitting factor associated with citrus blight affected trees.
Research Report, pp. 29-30. Outspan Citrus Centre, Nelspruit, South Africa.

Tucker, D. P. H., K. S. Derrick, and W. S. Castle
1998. Answers to frequently asked questions about citrus blight. Citrus Ind. 79(1): 38-40.

Wautscher, H. K., M. Cohen, and R. H. Young
1977. Zinc and water soluble phenolic levels in the wood for diagnosis of citrus blight.
Plant Dis. Rept. 61: 572-256.



